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Abstract  
Algal populations in a facultative oxidation pond were monitored over a 12 month 
period. The relationships between cell counts of individual species and 
characteristics of oxygen exchange, determined from changes in dissolved oxygen 
concentration in response to varying light flux density, were investigated by 
correlation analysis. These measurements were made in the laboratory at a constant 
temperature (15 °C). Microalgae (Chlorella spp.) usually made up at least 80% of the 
total cell numbers, whereas Euglena acus, E. gracilis, and Ankistrodesmus falcatus 
var. acicularis separately made up less than 10% of the total counts. However, when 
cell volumes were considered, E. acus usually made the greatest contribution, and 
this species accounted for 86% (=r2) of the variation in total cell volume. The 
detectable pigment concentration in the water was closely related to the numbers of 
E. acus present (r=0.81, P < 0.001) but not to the numbers of microalgae (r=0.00). 
Cell counts of E. acus were highly correlated with the light saturated rate of net 
oxygen production (Pn max) and to the rate under limiting light supply (θ) because of 
the high detectable pigment contribution from this species. It was calculated that E. 
acus contributed, on average, about 44% of the total rate of net oxygen production, 
whereas the proportion attributed to the microalgae was 8%. 
 
INTRODUCTION  
Most published studies on the role of algae in sewage oxidation ponds have either 
described the algal biota present (e.g., Haughey 1965; Wiedeman 1965; Rowe 1975) 
or measured oxygen production only (e.g., Bartch & Allum 1957). Few attempts have 
been made to relate algal populations directly to oxygen production (e.g., Robb 
1974). 
Irving and Dromgoole (1986) showed that considerable amounts of oxygen were 
produced by photosynthetic organisms present in one of four facultative oxidation 
ponds in Auckland. These ponds were characterised by the presence of large 
populations of green algae of which the chlorophyte Chlorella predominated. It was 
therefore expected that Chlorella was the major contributor to oxygen production, but 
there were no quantitative data to prove this. These facultative ponds take on a 
brown appearance when unstable, usually at the end of summer (Brockett 1978). 
During one such period of instability laboratory measurements revealed little net 
oxygen production in response to otherwise saturating irradiance, even though 
considerable numbers of Chlorella cells were present. No living cells of any other 
species were detected. Furthermore, it is commonly observed that only when 
dissolved oxygen concentration in the water increases do these other algal species 
reappear. The ponds then take on a noticeably deeper shade of green particularly 
when cells of the euglenoid, Euglena acus, are abundant. Collectively these 
observations suggested that E. acus might play a more important role in 
photosynthetic oxygenation than previously supposed, so we attempted to resolve 
the question of which algal group was primarily responsible for photosynthetic 
oxygenation because such knowledge could be relevant to improved design and 
operation of sewage oxidation ponds. 
Photosynthetic characteristics of algal populations in pond samples were determined 
from plots of net oxygen production against light flux density. Characteristics, such 
as the light saturated rate of net or gross production and the initial slope of the light 
response curve, have previously been determined for marine phytoplankton 
populations (Parsons et al. 1977; Harrison & Platt 1980) and marine macrophytes 
(Dromgoole 1973). The extent to which these characteristics were associated with 
changes in algal species and population size was then determined by correlation and 
regression analysis. 
 
MATERIALS AND METHODS 
Description of the study area (Manukau Purification Works, Auckland, New Zealand) 
has been given previously (Irving & Dromgoole 1986). 
Study of algal populations and their oxygen exchange characteristics was made from 
April 1977 to May 1978. Twenty litre samples of pond effluent were collected from a 
sample jetty adjacent to an outflow from Pond 2 between 0900 and 1000 h each 
Monday and transported to the University laboratory in a black polythene bottle 
within one hour of collection. 
Algal cell counts were made by Auckland Regional Authority staff at the Mangere 
laboratory. A 200 ml sub-sample of the 20 litres was stirred and a pasteur pipette 
was used to fill the chamber of a haemocytometer. The numbers of cells of the vari-
ous species were recorded in each of 10 fields - larger sized species 
(Ankistrodesmus falcatus var. acicularis, Euglena acus, and E. gracilis) were 
counted under low power (x550) and the microalgae (Chlorella spp.) under a higher 
power (x8820). Only live cells (those containing chloroplasts and other organelles) 
were counted. On all but a few occasions, counts were performed by a single oper-
ator with considerable experience in this task. Further details of the sampling 
procedure are described by Rowe (1975). 
Estimates of algal cell volumes were obtained from Rowe (1975) and cell volumes 
for each of the major species present (Chlorella spp. Beijerinck, Euglena acus 
Ehrenb, E. gracilis Klebbs, and Ankistrodesmus falcatus var. acicularis (A. Braun) 
G. S. West) were multiplied by the number of cells per millilitre to give the volume 
contribution of each species to the total. 
Chlorophyll pigments were extracted using 90% acetone and dimethylsulphoxide as 
described previously (Irving & Dromgoole 1986). Since no correction was made for 
the presence of phaeopigments the values for chlorophyll represent the sum of 
chlorophyll a and phaeopigments, and is here referred to as ‘detectable pigment'. 
Determination of characteristics of oxygen exchange was made by monitoring 
changes in dissolved oxygen of a pond effluent sample (50 ml) enclosed in a 
perspex cuvette (Irving & Dromgoole 1986). Light was provided by 40 and 150 W 
tungsten filament lamps and was altered by changing the lamps or varying the 
distance between the lamps and the cuvette. The flux density of photosynthetically 
active radiation (400-700 nm) was taken to be that incident on the inside upper 
face of the cuvette, and was determined using a LI-COR 185 meter and quantum 
sensor. 
To standardise conditions as much as possible temperature in the cuvette was 
maintained constant at 15 °C by a water jacket attached to a thermostatically 
controlled water bath. This temperature was considered to approximate average 
pond temperature during the year. Nutrient supply was not controlled in this study 
because preliminary experiments in which pond samples were centrifuged and the 
algae resuspended in a synthetic medium always resulted in markedly reduced 
photosynthetic activity. Rates of oxygen exchange could therefore have been 
influenced by the composition of the pond medium. For example, variable oxygen 
demand by bacterial and zooplankton populations could affect Rd, Ic and Pn max 
(see below). In addition, metabolism of the various algal species could have been 
differentially affected by the imposed (15 °C) temperature regime. Such effects 
could not be elucidated directly by the present approach and were thus included as 
a part of - the seasonal changes in oxygen exchange characteristics. 
Characteristics recognised in this study were: 
Pn max: the light saturated rate of net oxygen production (gO2 m-3 h-1). 
Rd: the rate of oxygen consumption in the dark (gO2 m-3 h-1). 
θ: the initial slope of the linear portion of the light response curve (in relative units 
of oxygen production/incident light). 
Ic: the light flux density at which net oxygen production is zero (µmol m-2 s-1). 
Is: the light flux density at which net oxygen production is saturated (µmol m-2 s-1). 
Correlation and regression analyses were carried out by the B6700 computer at 
the University of Auckland Computer Centre using subprograms  (Pearson 
Correlation, Partial Correlation, and Regression) of the Statistical Package for the 
Social Sciences. 
 
RESULTS 
Algal populations 
During the 12 month sampling programme there was considerable variation in total 
algal cell number (Fig. 1a). The variation was almost entirely attributable to 
changes in microalgae, Euglena acus, E. gracilis, and Ankistrodesmus falcatus var. 
acicularis. Seasonal variation in the detectable pigment concentration is shown in 
Fig. 1b. 
The contributions of each of these species to the total population is shown in Fig. 2. 
The microalgae made up at least 80% of the total cell numbers and a decline in 
proportion below this value is reflected by a noticeable reduction in the total cell 
numbers in Fig. 1a. The proportion of microalgae declined below 60% only during 
May 1977, December to January 1978, and on one sample day in April 1978. This 
decline was associated with an increase in Euglena spp., particularly E. acus, in the 
first two time periods (in December, counts reached 26 x 103 cells ml-1), whereas in 
the third instance Ankistrodesmus falcatus var. acicularis comprised about 40% of 
the total cell numbers (maximum counts were 27 x 103 cells ml-1). At other times of 
the year E. acus, E. gracilis, Ankistrodesmus falcatus var. acicularis, and all other 
species separately made up less than 10% of the total cell counts. Over the 
complete study period, total cell number ranged from 19-725 x 103 cells ml-1. 
The microalgae were usually dominant on a cell number basis, however, 
calculation of equivalent cell volumes showed that the contribution of these cells 
was commonly exceeded by that of E. acus (Fig. 3). E. acus usually contributed 
most to the total cell volume, particularly from April-August 1977 and October 
1977-February 1978, whereas volumes of E. gracilis were high from April-October 
1977 and in January-February 1978. Cell volume contributions from 
Ankistrodesmus falcatus var. acicularis never exceeded 0.020 mm3 ml-1 and 
those attributable to all other species were negligible. Over the study period, total 
cell volumes ranged from 0.026-0.536 mm3 ml-1 and 85% (=r2) of the variation was 
explained by changes in the contribution from E. acus. No significant improvement 
to the explained variance was achieved by including cell volumes of the other 
species. 
Inspection of Fig. 1 and 3 show that the variation in the detectable pigment 
concentration was related to the presence of E. acus. The regression of detectable 
pigment concentration (C, in g m-3) on number of cells of E. acus (N, numbers ml-1) 
gives: 
C=1.20± 0.13x10-4 N + 0.81±0.11  r2=0.66, F=67.89, P<0.01                       1 
Inclusion of cell counts of other species produced no significant improvement in the 
variance explained. The positive intercept which is significantly greater than zero (t-
test, P < 0.01), is an indication of the mean contribution to the detectable pigment 
concentration from all cells other than E. acus. Despite the high cell densities shown 
by the microalgae there was no correlation between the numbers of these cells and 
the concentration of detectable pigment (r=0.00). 
 
Characteristics of oxygen exchange 
A correlation matrix of correlation coefficients between algal cell counts and 
characteristics of oxygen exchange (Table 1) shows that cell numbers of E. acus 
were significantly correlated with Pn max, θ, and Ic, and those of E. gracilis were 
negatively correlated with Rd. Thus it appears that increased numbers of E. acus 
were associated with high light saturated rates of net oxygen production, higher 
rates of oxygen production under limiting light, and lower light compensation levels. 
Numbers of the macroalgae were not correlated with any characteristics and no 
relationship was found between numbers of any algal species and values of Is. 
The association between species and characteristics of oxygen exchange was 
further examined by a study of the relationships between the detectable pigment 
concentration and the characteristics. Pn max and θ were both correlated with the 
detectable pigment concentration (r = 0.88 and 0.81, P < 0.001 respectively). 
Regression of P n max (measured at 15 °C) upon detectable pigment concentration 
gives: 
P n max = 7.89 ± 0.71 C + 1.55 ± 1.30 r2 =0.77, F=114.29, P < 0.01                    2 
There is a small intercept which is significantly greater than zero at the 5% level, but 
not at the 1% level (t-test). However, since the bacteria and zooplankton in pond 
samples impose a respiratory oxygen demand, some chlorophyll (or pigment) must 
be present before net production can become positive. The simple correlation 
between detectable pigment and Ic (r = 0.53, P < 0.001) is spurious since the partial 
correlation coefficient was not significant (r = 0.07). The low correlation between Rd 
and detectable pigment (r = 0.14, ns) suggests that the major component of dark 
oxygen uptake was non-algal. The correlation between detectable pigment 
concentration and Is was not significant (r = -0.19). 
The relative importance of different algal species to net production 
Regression analysis was used in an attempt to determine the relative importance of 
the microalgae and E. acus to rates of net oxygen production. The mean number of 
E. acus cells present in weekly samples over 12 months (6122 cells ml-1) was 
inserted into Equation 1 to calculate the average detectable pigment contribution 
from this and all other species. From Equation 1, the presence of 6122 cells ml-1 
would result in 1.55 g detectable pigment m-3. Since 0.81 g detectable pigment m-3 
was the mean contribution from all other species, the amount solely from 6122 E. 
acus cells ml-1 was 0.74 g detectable pigment m-3 (1.55 - 0.81 = 0.74). Thus despite 
the fact that E. acus numbers are relatively low (mean percentage of the total 
throughout the year was 2.7%), this species contributed a mean 48% of the 
detectable pigment in pond samples. The following regression of Pn max on E. acus 
numbers ml-1 (N) was used to calculate the mean rate of net oxygen production: 
Pn max = 1.01 ± 0.13 x 10-3 N+7.81±1.12 r2=0.53, F=43.29, P<0.01        3 
Addition of cell counts of other species did not significantly improve the explained 
variance. The ordinate intercept (7.81 gO2 m-3 h-1) is an indication of the rate of 
oxygen production from all other species, whereas that attributed directly to E. acus 
was calculated to be 6.19 gO2 m-3 h-1, which was 44% of the mean rate of 
production. A slightly different method was also used to determine the contribution of 
E. acus to net oxygen production using Equation 3 and again making the same 
assumption regarding the ordinate intercept. Over 49 weeks, measured values for Pn 
max (data not shown) were compared with those calculated from Equation 3 after 
inserting the actual numbers of E. acus cells counted at each sampling date. The 
result was almost the same; 43 ± 0.05% of Pn max was attributed to E. acus on 
average. 
The relative contributions of the microalgae to the detectable pigment and Pn max is 
more difficult to assess because of the low correlation coefficients obtained. 
However, an almost pure sample of microalgae was obtained from a sludge lagoon 
adjacent to the oxidation ponds on 13 June 1978. The sample contained 8 x 106 
cells ml-1 of microalgae and 8 x 103 cells ml-1 of Euglena minuta Prescott and had a 
detectable pigment concentration of 5.28 g m-3. The detectable pigment from E. 
minuta was assumed negligible since cell dimensions were 13 x 6 µ and if the cell is 
taken to approximate a cylindrical shape, then the total number in the sample would 
have an equivalent volume of only 24 x 103 microalgal cells ml-1. The mean 
detectable pigment content per microalgal cell is therefore calculated to be about 
6.59 x 10-10 mg. If it is assumed that the microalgae in the sludge lagoon and the 
oxidation pond contain similar quantities of detectable pigment per cell, and the 
mean number of microalgae in the oxidation pond samples during the study was 208 
x 103 cells ml-1, then the mean detectable pigment contribution from these cells was 
0.14 g detectable pigment m-3. This corresponds to 9% of the average detectable 
pigment concentration. Inserting this figure into Equation 2 results in a mean rate of 
oxygen production of 1.10 gO2 m-3 h-1 or 8% of the total rate of production. 
 
DISCUSSION 
This study has shown that the algal species present in oxidation pond samples in 
largest numbers were not responsible for the greatest photosynthetic activity. On the 
basis of cell number, the microalgae were dominant (Fig. 2). However, on a volume 
basis E. acus was dominant (Fig. 3), primarily because of the relatively large volume 
of the E. acus cells (mean volume of E. acus cell = 16 406 µ3; cf. microalgae = 122 
µ3 This difference in cell size between the algal species also meant that E. gracilis 
(mean cell volume = 7442 µ3) made an appreciable contribution to the total algal cell 
volume during the early part of the study. The correlation analysis revealed that 
important characteristics of oxygen exchange (namely net oxygen production under 
saturating and limiting irradiance) were directly related to the size of the E. acus 
population present. 
To determine if there was any inherent difference between E. acus and the 
microalgae in their capacity for oxygen production, the light saturated rate of net 
oxygen production per unit detectable pigment of the microalgal population present 
in the sludge lagoon (15 °C) was calculated and compared to that for an oxidation 
pond population rich in E. acus. The net photosynthetic rate of the microalgal sample 
was calculated to be slightly less (7.80 gO2 g detectable pigment-1 h-1 than that for E. 
acus (10.27 gO2 g detectable pigment-1 h-1 The lower value for the dense microalgal 
suspension could have been partly attributable to mutual shading, but the length of 
the light path was approximately 1 cm, and complete light extinction was not 
observed. Although the size of the bacterial populations in both samples were 
unknown, these crude calculations suggest that the larger cells of E. acus did not 
have a lower photosynthetic rate than the smaller microalgal cells, and there appears 
little doubt that the relationships between counts of E. acus and characteristics of 
oxygen exchange are because of the large quantities of detectable pigment 
contained within those cells. 
This latter view can be reinforced through an analysis of first order partial 
correlations between E. acus numbers, detectable pigment concentrations, and Pn 
max. The partial correlation coefficients between detectable pigment and both Pn max (r 
= 0.65, P<0.001) and E. acus numbers (r = 0.43, P<0.001) were highly significant, 
whereas that between Pn max and E. acus numbers (r = 0.22, P = 0.065) was not. 
Thus it was the pigment contribution from the E. acus cells and not necessarily 
superiority in terms of efficiency of oxygen production, which was responsible for the 
prominent role of E. acus in net oxygen production in pond samples. 
The results of these laboratory studies, conducted at 15 °C, suggest that the bulk of 
the oxygen production in the Mangere oxidation ponds was attributed to E. acus, 
whereas the microalgae were probably important only when the population of E. 
acus was very low or absent. Under these latter conditions the ponds would be 
expected to operate with reduced efficiency unless oxygen was supplied by gaseous 
diffusion from the atmosphere or the organic loading to the ponds was reduced. The 
relative ineffectiveness of the microalgae in terms of oxygen production which is 
highlighted in this study is consistent with observations on photosynthetic oxygen 
production during pond instability, as detailed in the Introduction. In extrapolating the 
results to the field, it should be borne in mind that natural temperature variation and 
the possible variable effect of temperature changes on metabolism of the different 
species have not been taken into account. The results thus only specifically relate to 
the reference temperature of 15 °C. 
It is difficult to deduce the role of the microalgae in the oxidation ponds when E. acus 
is present, although calculations indicate that microalgae contribute slightly to net 
oxygen production. It is possible that the microalgae assist in waste treatment by the 
direct assimilation of organic compounds. Heterotrophic growth by algae 
characteristic of those from oxidation ponds has been demonstrated (Gotaas & 
Pipes 1961; Eppley & MaciasR 1962; Wiedeman & Bold 1965). Abeliovich & 
Weisman (1978) calculated that 15% of the algal carbon was derived from glucose 
assimilation in high rate oxidation ponds. In the ponds in which the present 
investigation was conducted, heterotrophy has not been studied and would appear to 
be a worthwhile topic for further investigation. 
A major disadvantage of this study is that the detectable pigment concentrations were 
not partitioned between chlorophyll a and phaeopigments, and this makes the 
quantitative relationships presented here somewhat speculative. Another approach to 
the problem addressed here might be to measure oxygen exchange of the total 
population and then to selectively filter out the larger cells and assess the effects of 
their removal on oxygen production by the remaining algae. However, unless always 
working at light saturation, removal of cells would alter light attenuation thus leading to 
overestimation of the contribution of the remaining cells to oxygen production. 
Despite the problems inherent in the approach used, this study is a first attempt to 
determine the relative importance of different algal populations to oxygen production in 
facultative oxidation ponds and the conclusion regarding the importance of E. acus to 
photosynthetic oxygenation is consistent with field observations. Thus the experimental 
method described with appropriate modifications, could be utilised by managers of 
waste water treatment facilities as one way in which to monitor pond operation and 
performance. 
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 Table 1 Correlation matrix giving the correlation coefficient between algal spe-
cies and characteristics of oxygen exchange (definitions are given in the Materials 
and Methods). ** = P < 0.01, *** = P < 0.001. 
 P n max Rd θ Ic Is 
Microalgae 0.05 0.13 -0.10 0.14 0.00 
E. acus 0.73*** 0.12 0.59*** -0.43*** -0.01 
E. gracilis -0.22 -0.45*** 0.12 -0.22 -0.04 
Ankistrodesmus 0.20 0.17 0.02 0.00 0.00 
 
 
  
Fig. 1 Seasonal variation in (a), total algal cell numbers in Pond 2 and (b), detectable 
pigment concentration in Pond 2. 
 
 Fig. 2 Seasonal variation in algal population composition in Pond 2. Microalgae, ; E. 
acus, O; E. gracilis, §; Ankistrodesmus falcatus var. acicularis, . Note scale 
change on the ordinate. 
 
 Fig. 3 Seasonal variation in algal cell volume in Pond 2. E. acus, c; E. gracilis, z; 
microalgae, ; Ankistrodesmus falcatus var. acicularis, . Note scale change on 
the ordinate. 
